Asymmetric distribution of maternal mRNAs has not been well documented in zebra®sh. Recently, we have shown that dazl mRNA is localized at the vegetal pole. Here we report a novel zebra®sh gene, bruno-like (brul), which provides another example of vegetal mRNA localization. brul encodes an Elav-type RNA-binding protein that belongs to the Bruno-like family that includes mammalian CUG-BP, Xenopus EDEN-BP, and Drosophila Bruno. At 24 hpf, brul mRNA was abundant in lens ®ber cells. At the onset of embryogenesis, maternal brul mRNA was detected at the vegetal pole, and it then migrated rapidly toward the blastoderm through yolk cytoplasmic streams. During oogenesis, brul mRNA became localized at the vegetal cortex at stage II, later than dazl mRNA. We found that anchoring of brul mRNA was dependent on micro®laments. q
Results
The Elav-type ribonucleoproteins contain three RNArecognition motifs, RRMs (Good, 1997) . We have identi®ed a zebra®sh gene, bruno-like (brul), in a subgroup of the Elav-type proteins, which we named the Bruno-like family. Brul has very high homology with human CUG-BP (Timchenko et al., 1996) , mammalian and Xenopus Etr-3 (Lu et al., 1999) , Xenopus EDEN-BP (Paillard et al., 1998) , and Drosophila Bru (Webster et al., 1997) (Fig.  1A,B) . CUG-BP and Etr-3 bind to CUG repeats, suggesting their roles in myotonic dystrophy (Timchenko et al., 1996; Lu et al., 1999) . Drosophila Bru and Xenopus EDEN-BP regulate translational activity of speci®c maternal mRNAs (Webster et al., 1997; Paillard et al., 1998) .
Whole-mount in situ hybridization showed brul expression in the lens at 24 hpf ( Fig. 2A) . Sectioning of the embryo demonstrated that brul mRNA was abundant in lens ®ber cells (Fig. 2B) . At earlier stages, however, the zygotic brul gene was expressed uniformly in embryos (data not shown).
At the onset of embryogenesis, brul mRNA was localized at the vegetal pole, and it then migrated toward the blastoderm (Fig. 3A±C ). The maternal RNA was gradually decreased during successive cleavage stages (Fig. 3D , and data not shown). Sections of the embryos showed that the mRNA streams through yolk-free structures (Fig. 3E) . Previously, we found that dazl mRNA migrated from the vegetal pole toward the blastomeres during the 2-to 16-cell stages (Maegawa et al., 1999) . The timing of brul mRNA streaming was somewhat earlier than that of dazl mRNA. We observed brul RNA streaming and incorporation into the blastodisc of the zygote as early as 30-min after fertilization (Fig. 3B,E) .
Next we examined if brul mRNA is localized at the vegetal pole during oogenesis. In the stage III-oocyte, zorba/ZOR-1 mRNA was localized close to the micropyle, which is an early indicator of the animal pole, as previously reported ( Fig. 4B ; Bally-Cuif et al., 1998) . In the same oocyte, brul mRNA was accumulated at the vegetal cortex, although it was also detectable around the germ- (Fig. 4A ). Both brul and dazl mRNAs were localized at the vegetal cortex in the stage III-oocyte (Fig.  5C ,F). However, they were restricted to the vegetal cortex with different timing during oogenesis. Accumulation of dazl mRNA in a small region that may correspond to the future vegetal pole was observed at stage Ib (Fig. 5D ). In contrast, brul mRNA was distributed ubiquitously at the same stage (Fig. 5A) . At stage II, brul mRNA became localized at the vegetal cortex (Fig. 5B) . These results suggest that there may be at least two ways to localize mRNAs to the vegetal pole.
Vegetal RNA localization might be achieved by directed transport to the vegetal pole and then anchoring at the cortex. We tested the role of microtubules and micro®la-ments in anchoring of brul mRNA. It has been reported that incubation of zebra®sh oocytes in 20 mg/ml nocodazole for 5h leads to the disruption of polymerized microtubules, and that treatment with 25 mg/ml cytochalasin B for 5 h results in total breakdown of the subcortical actin network (BallyCuif et al., 1998) . We incubated the whole ovaries under these conditions, and then performed in situ hybridization on ovarian sections. In the cases of mock control and nocodazole-treatment, no change was observed in the localization of brul mRNA (Fig. 6A,B) . In contrast, we observed detachment of the mRNA from the outer cortex after cytochalasin B-treatment, although the mRNA still remained at or near the vegetal pole (Fig. 6C) . These results clearly indicated that anchoring of brul mRNA at the vegetal cortex is dependent on micro®laments.
Material and methods

cDNA screening
Using the Xenopus etr-1 cDNA (Ritcher et al., 1988 ) as a Burd and Dreyfuss, 1994) are shaded. The RNP2 (hexamer) and RNP1 (octamer) motifs are black-boxed. (B) Amino acid sequence identity (%) of Brul with the Elavtype proteins. According to sequence similarity, we can classify the Elavtype proteins into two groups, the Elav-like family (Good, 1997) and the Bruno-like family. Here, human CUG-BP (Timchenko et al., 1996) , Xenopus EDEN-BP (Paillard et al., 1998) , Etr-3 (Lu et al., 1999) , Etr-1 (Knecht and Harland, 1997) and Drosophila Bru (Webster et al., 1997) in the Brunolike family and zebra®sh HuC (Kim et al., 1996) in the Elav-like family are aligned with Brul. All the proteins have two consecutive RRMs, a linker (or tether) domain and a carboxy-terminal third RRM. shows that brul mRNA is abundant in lens ®ber cells. Fig. 4 . brul mRNA is localized at the vegetal cortex of the oocyte. The brul (A) and ZOR-1/zorba (B) mRNAs were observed in serial sections. brul mRNA is accumulated at the future vegetal pole in the stage III oocytes (black arrowhead). The micropyle and the ZOR-1/zorba mRNA are seen at the animal pole (white arrowhead). probe, we screened a zebra®sh 20±28 hpf cDNA library and identi®ed two types of cDNAs, brul and etr-1, that encode Elav-type proteins. ZOR-1 cDNA was obtained from an adult zebra®sh library using the Drosophila orb cDNA fragment as a probe. Its sequence, which has been deposited in the database, turned out to be almost the same as the zorba gene sequence (Bally-Cuif et al., 1998) . The DDBJ accession numbers for zebra®sh ZOR-1, etr-1, and brul are AB011680, AB032725 and AB032726, respectively.
In situ hybridization and histological analysis
Whole mount in situ hybridization was performed essentially as described (Maegawa et al., 1999) . For in situ hybridization of ovarian sections, specimens were embedded in paraf®n and cut at 9-mm thickness. Stages of oocytes were classi®ed as described (Selman et al., 1993; Bally-Cuif et al., 1998) . Treatments of oocytes with cytoskeleton-disrupting drugs were performed essentially as described (BallyCuif et al., 1998) . Whole ovaries were incubated in 60% Leibovitz L-15 medium (Sigma) containing nocodazole or cytochalasin B for 5 h at 268C. As a mock control, ovaries were incubated in medium containing 0.5% DMSO but without drugs. 
